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DQGIDWLJXHUHVLVWDQFH *KDOL7KHVHSUREOHPVFDQEHVROYHG WR WKHJUHDWHU H[WHQWE\PLQLPL]LQJ WKHVXUIDFH
URXJKQHVV 0HUDWL DQG(DVWDXJK=KRDQG-LDQJ=XSDQFDQG*UXPZKLFK DUHH[SODLQHG IXUWKHU
*DOYDQLF FRUURVLRQ LV DQ HOHFWURFKHPLFDO SURFHVV LQ ZKLFK RQH PHWDO FRUURGHV SUHIHUHQWLDOO\ WR DQRWKHU ZKHQ ERWK







IDFWRUV UHVSRQVLEOH IRU ORZHULQJ WKH IDWLJXH OLIH RI WKH VWUXFWXUDO PHPEHUV RI DLUFUDIW 6XUDUDWFKDL HW DO 
6XUIDFHURXJKQHVVLVWKHDVSHULWLHVRQWKHVXUIDFHZKLFK DFWVDVWKHPLQXWHQRWFKHV7KHVHPLQXWHQRWFKHVLQFUHDVH
WKHVWUHVVFRQFHQWUDWLRQRQWKHVXUIDFH'XULQJWKHIOLJKWRIWKHDLUSODQH WKHVWUXFWXUDOPHPEHUVRIDLUFUDIWXQGHUJR
D ODUJH DPRXQW RI IOXFWXDWLQJ VWUHVVHV GXH WR WKH SUHVVXUH GLIIHUHQFH LQ ORZHU DQG XSSHU VXUIDFH RI WKH IXVHODJH
KHQFH WKHIDWLJXHIDLOXUHPD\RFFXULQ WKH HDUOLHVW LIWKHURXJKQHVV LVQRWPDLQWDLQHGWRLWVPLQLPXPYDOXH
7KH 7DJXFKL GHVLJQ RI H[SHULPHQWV LV D SRZHUIXO PHWKRG XVHG WR DFKLHYH KLJK TXDOLW\ LQ OHVVHU QR RI
H[SHULPHQWV,WSURYLGHV EHWWHUVHWWLQJV DVFRPSDUHGWRWUDGLWLRQDOH[SHULPHQWDOGHVLJQVZKLFKDUHWLPHFRQVXPLQJ
GXHWR D ODUJHQXPEHURIH[SHULPHQWVDQGPRVWRIWKHWLPHQRWIHDVLEOH7KH7DJXFKLPHWKRGUHGXFHVWKHVHQVLWLYLW\
RI TXDOLW\ FKDUDFWHULVWLFV WR YDULRXV XQNQRZQ QRLVH IDFWRUV /DUJH QXPEHUV RI SDSHUV KDYH EHHQ SXEOLVKHG RQ
7DJXFKLWHFKQLTXHKDQGOLQJVLQJOHRXWSXWUHVSRQVH+RZHYHU ZRUNLQJZLWKPXOWLSOHUHVSRQVHVLVVWLOODQLQWHUHVWLQJ
DUHDRIUHVHDUFKSUREOHP)X]]\ORJLFGHDOVZLWKXQFHUWDLQDQGYDJXH GDWD)X]]\ORJLFV\VWHPFRQYHUWVWKHPXOWLSOH
SHUIRUPDQFH FKDUDFWHULVWLFV LQWR VLQJOH PXOWL UHVSRQVH SHUIRUPDQFH LQGH[ 053, /LQ HW DO +HQFH WKH
RSWLPL]DWLRQRIPXOWLSOHSHUIRUPDQFHFKDUDFWHULVWLFVLVZHOOKDQGOHGE\LQWHJUDWHG7DJXFKL)X]]\ORJLF ZKLFKZDV
QRWSRVVLEOHE\ WKH 7DJXFKLPHWKRGDORQH/LQHWDO 7DUQJ HWDO 
 /LWHUDWXUH6XUYH\
0HUDWL DQG (DVWDXJK  WKURXJK KLV YDULRXV H[SHULPHQWV SUHVHQWHG WKDW DPRQJ WKH GLVFRQWLQXLWLHV OLNH
PLFURVWUXFWXUHVXUIDFHURXJKQHVVDQGSHUPDQHQWFRDWLQJOLNHFODGGLQJDQGDQRGL]LQJVXUIDFHURXJKQHVVLVDOVRRQH
RIWKHUHDVRQVRIHDUO\IDWLJXHFUDFNQXFOHDWLRQLQ$O7DQG$O7=XSDQFDQG*UXPVKRZHG
WKDW WKH OLIHRI$O7GHFUHDVHVGXH WRSLWWLQJFRUURVLRQDV LW OHDGV WRHDUOLHUFUDFN LQLWLDWLRQDQGRQHRI WKH
UHDVRQVRISLWWLQJFRUURVLRQLVVXUIDFHURXJKQHVV+HQFHKHUHWKHWHFKQLTXHRIVKRWSHHQLQJZDVXVHGWRUHGXFHWKH
HIIHFW RI VWUHVVHV GHYHORSHG GXH WR SLWV 6XUDUDWFKDL HW DO  GHPRQVWUDWHG WKDW WKH IDWLJXH OLIH RI $O DOOR\
GHFUHDVHVFRQVLGHUDEO\GXH WRVXUIDFHURXJKQHVVDVVXUIDFHURXJKQHVVOHDGVWRORFDOVWUHVVFRQFHQWUDWLRQ /LQHWDO
 VKRZHG WKH LQVXIILFLHQF\ RI WKH 7DJXFKL PHWKRG WR KDQGOH PXOWLSOH UHVSRQVHV KHQFH XVHG LQWHJUDWHG
7DJXFKL)X]]\ ORJLF WR VROYH WKLVSUREOHP+HUH WKH053,ZDVGHYHORSHG WRRSWLPL]H WKHSURFHVVSDUDPHWHUVRI
(OHFWULFDOGLVFKDUJHPDFKLQLQJSURFHVVKDYLQJPXOWLSOH UHVSRQVHV'XTXHVQD\ HWDO  LQYHVWLJDWHG WKHJURZWK
EHKDYLRU RI IDWLJXH FUDFNV LQLWLDWHG DW FRUURVLRQ SLWV RI  7 DOXPLQLXP DOOR\ VXEMHFWHG WR WUDQVSRUW DLUFUDIW
ORDGLQJVSHFWUXP7KHYDULRXVH[SHULPHQWDOUHVXOWVVXJJHVWHGWKDWWKHGHHSHVWSLWJDYHWKHORZHVWIDWLJXHOLIH*HQHO
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 LQYHVWLJDWHG WKH)DWLJXHEHKDYLRURIEDUHDQGDQRGLFFRDWHG$O 7DOXPLQLXPDOOR\ LQ ODERUDWRU\DLU
DQG1D&OVROXWLRQE\XVLQJVPRRWKF\OLQGULFDOVSHFLPHQV)XUWKHUWKHIDWLJXHWHVWVVKRZHGWKDWWKHFRPELQHG
DFWLRQ RI FRUURVLRQ DWWDFN DQG F\FOLF ORDGLQJ DGYHUVHO\ DIIHFWHG WKH IDWLJXH SHUIRUPDQFH$GQDQ HW DO 
GLVFXVVHG WKH FRPSRQHQWV RI WKH IX]]\ ORJLF V\VWHP DQG SUHYLRXVZRUNV GRQH XVLQJ WKH VDPH )XUWKHU WKH SDSHU






ZLWK OHVVHU QXPEHU RI H[SHULPHQWV 7KH H[SHULPHQWDO UHVXOWV DUH FRQYHUWHG LQWR VLJQDO WR QRLVH UDWLRV 617KH
VLJQDOWRQRLVHUDWLRJLYHVDQLGHDDERXW SHUIRUPDQFHFKDUDFWHULVWLFGHYLDWLQJIURPGHVLUHGYDOXH7KHODUJHUWKH61
UDWLR OHVVHU LV WKH GHYLDWLRQ RI SHUIRUPDQFH FKDUDFWHULVWLF IURP WKH GHVLUHG YDOXH 7KHUH DUH WKUHH W\SHV RI
SHUIRUPDQFHFKDUDFWHULVWLFVLQDQDO\VLVRI61UDWLR7KHORZHUWKHEHWWHUWKHKLJKHUWKHEHWWHUDQGWKHQRPLQDOWKH
EHWWHU ,UUHVSHFWLYH RI WKH W\SH RI SHUIRUPDQFH FKDUDFWHULVWLFV WKH RSWLPDO OHYHO RI SURFHVV SDUDPHWHU LVZLWK WKH
KLJKHU 61 UDWLR 7KH 7DJXFKL PHWKRG LV D GHVLJQ WR KDQGOH VLQJOH SHUIRUPDQFH FKDUDFWHULVWLF +HQFH WKH
RSWLPL]DWLRQRIPXOWLSOHSHUIRUPDQFH FKDUDFWHULVWLFV LV VWLOO DQ DUHDRI UHVHDUFK ,Q WKLV SDSHU7DJXFKLPHWKRG LV
LQWHJUDWHGZLWKIX]]\ORJLFWRKDQGOHPXOWLSOHUHVSRQVHVWKDWDUHVXUIDFHURXJKQHVVDQGPDWHULDOUHPRYDOUDWH 7KH










UXQVE\FKHFNLQJ WKHLUHIIHFW RQ6XUIDFH5RXJKQHVV ,QLWLDOO\ WKHSDUDPHWHUVFRQVLGHUHG IRUH[SHULPHQWDWLRQZHUH
VSHHG IHHGGHSWKRIFXWQRVHUDGLXVDQGFRRODQW2Q2IIFRQGLWLRQ ,QHDFK WULDOH[SHULPHQW/ RUWKRJRQDODUUD\
)LJXUHD([SHULPHQWDOVHWXSE0HDVXUHPHQWRI6XUIDFHURXJKQHVV
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ZDV XVHG 7KH ILUVW WULDO ZDV WDNHQ WR NQRZ WKH HIIHFW RI FRRODQW RQRII FRQGLWLRQ RQ VXUIDFH URXJKQHVV7ZR /
RUWKRJRQDODUUD\ZDVSUHSDUHGIRUSDUDPHWHUFRPELQDWLRQVRIVSHHGIHHGDQGGHSWKRIFXWZLWKFRRODQWRQFRQVWDQW




UDGLXVZDV LQWURGXFHGDVD IDFWRUDQG WKHVDPHSURFHGXUHZDVUHSHDWHGDV LQ WKHILUVWH[SHULPHQW6DQGYLN LQVHUWV
KDYLQJQRVH UDGLLPP 5730PP5730DQGPP5730
ZHUHXVHG ZKLFKJDYHJRRGYDULDWLRQLQURXJKQHVVYDOXHV7KHWKLUGWULDOH[SHULPHQWZDVGRQHWRVHWWKHUDQJHRI
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$PHPEHUVKLS IXQFWLRQ LV D FXUYH WKDW DVVLJQV PHPEHUVKLS YDOXHV WR WKH FULVS LQSXWV 7KH 61 UDWLRV RI055
61055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6165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DVVLJQVPHPEHUVKLSYDOXHVWRWKHWZRLQSXWVE\XVLQJWUDSH]RLGDOPHPEHUVKLSIXQFWLRQ,QWKLVSDSHU WKUHHIX]]\
VXEVHWV DUH DVVLJQHG WR HDFK WZR LQSXWV )LJXUH D DQG)LJXUH E DQG ILYH IX]]\ VXEVHWV DUH DVVLJQHG WR RXWSXW
)LJXUH F7KHIX]]\UXOH EDVHFRQVLVWRID JURXSRILIWKHQFRQWUROUXOHV
x 5XOHLI6165 LVVPDOODQG61055 LVVPDOOWKHQ\LVYHU\VPDOOHOVH
x 5XOH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x 5XOH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\F LLP RIRXWSXW
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ZKHUH Ꮙ LVWKHPLQLPXPRSHUDWLRQDQG9LVWKHPD[LPXPRSHUDWLRQ
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053, JLYHV DQ LGHD RI VLPXOWDQHRXV SHUIRUPDQFH RIPXOWLSOH UHVSRQVHV WRJHWKHU 7KH ODUJHU WKH YDOXH RI053,
EHWWHU LV WKH PXOWLSOH SHUIRUPDQFH FKDUDFWHULVWLF 7KH HIIHFW RI HDFK SDUDPHWHU RQ 053, FDQ EH VHSDUDWHG DW
GLIIHUHQWOHYHODVWKHH[SHULPHQWDOVFKHPHLVEDVHGRQ7DJXFKLRUWKRJRQDODUUD\)RUH[DPSOH WKHPHDQ053,IRU
VSHHGDWOHYHOFDQ EHFDOFXODWHGE\DYHUDJLQJWKH053,IRUH[SHULPHQWV IURP7DEOH,QWKLVZD\PHDQ053,
IRU DOO WKH OHYHOV RI RWKHU SDUDPHWHUV FDQ EH FDOFXODWHG DQG LV VKRZQ LQ 7DEOH 7KH RSWLPDO OHYHO RI SURFHVV
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